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ANTHROPOLOGY 


Two thousand years of garden urbanism in the 


Upper Amazon 


Stéphen Rostain’, Antoine Dorison’, Geoffroy de Saulieu*, Heiko Priimers*, Jean-Luc Le Pennec®, 
Fernando Mejia Mejía, Ana Maritza Freire’, Jaime R. Pagan-Jiménez®, Philippe Descola? 


A dense system of pre-Hispanic urban centers has been found in the Upano Valley of Amazonian 
Ecuador, in the eastern foothills of the Andes. Fieldwork and light detection and ranging (LIDAR) analysis 
have revealed an anthropized landscape with clusters of monumental platforms, plazas, and streets 
following a specific pattern intertwined with extensive agricultural drainages and terraces as well as wide 
straight roads running over great distances. Archaeological excavations date the occupation from 
around 500 BCE to between 300 and 600 CE. The most notable landscape feature is the complex road 
system extending over tens of kilometers, connecting the different urban centers, thus creating a 
regional-scale network. Such extensive early development in the Upper Amazon is comparable to similar 
Maya urban systems recently highlighted in Mexico and Guatemala. 


rbanism and Amazonia are rarely asso- 
ciated when we evoke pre-Hispanic times. 
However, Francisco de Orellana, leading 
an expedition down the great river in 
1541-42, witnessed large cities along its 
banks (J) yet was called a fabulist upon his 
return. More than four centuries later, in the 
1980s, great archaeological sites with thick 
layers of Amazonian dark earth were discov- 
ered in the middle Amazon, confirming the ex- 
istence of extensive pre-Hispanic settlements 
along the river (2). Orellana did not lie. 
Recently, various monumental archaeologi- 
cal sites were brought to light in Amazonia 
(3, 4). Some of them display earthen platforms 
of various sizes with a variety of features, in- 
cluding causeways, mounds, canals, and/or forti- 
fications [as in the Barinas llanos in Venezuela 
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(5), the Llanos de Mojos in Bolivia (6), and the 
Upper Xingu and central Amazon in Brazil 
(7-9)] or roads [as in southwestern Amazonia 
(10, 11). Pre-Hispanic inhabitants of the Amazon 
were indeed remarkable land builders who 
intensively reworked their environment, thus 
changing the morphology of their territories 
(12-14) and its vegetation cover (15, 16). 

Here we present an extensive case of a pre- 
Hispanic urban system in the Amazon region. 
Located in the Upper Amazon on the eastern 
slopes of the Ecuadorian Andes, its dense pop- 
ulation extended across the high alluvial ter- 
races that border the Upano River (17). The 
data of this study stem from more than two 
decades of interdisciplinary investigations in 
the region, the scope of which was recently 
broadened by light detection and ranging 
(LIDAR) mapping in a 300-km? area. This re- 
search revealed the largest urban network 
of erected and excavated features known in 
Amazonia, whose beginnings date back to 
2500 years ago (18). This discovery raises many 
questions, among them the following: What 
types of features were built by the pre-Hispanic 
inhabitants? Were the settlements contempo- 
rary and connected to each other? Where did 
the inhabitants cultivate the large quantity of 
plants needed for their subsistence? 


Context 


Stretching along the foothills of the Andes in 
southern Ecuador, enclosed between the Andes 


to the west and the Cutuct range to the east, 
the Upano Valley is a region where Amazonian 
and Andean ecosystems meet, with an impor- 
tant seismic risk—the earthquake of 1995 reached 
a moment magnitude of 7.0 (19). Towering 
above it, the active Sangay stratovolcano, a 
steep-sided, cone-shaped, snow-capped moun- 
tain, peaks at 5230 m above sea level. After 
descending the Andean slopes, the Upano River 
goes straight south along the sub-Andean 
Range (20). 

Groups of earthen platforms have been ar- 
chaeologically explored: They form large settle- 
ments extending over the 70- to 100-m-high 
alluvial terraces along the river (Fig. 1). Few 
sites have been excavated (27-24). One of the 
largest settlements, Sangay, was discovered 
in the late 1970s and excavated by three suc- 
cessive teams (17, 25, 26). Started in the mid- 
1990s, the Upano interdisciplinary project 
brought together archaeologists, geoscientists, 
and archaeobotanists to investigate the entire 
valley. The scope of the fieldwork results, 
which have led to a better understanding of the 
valley’s earthworks, has recently been broad- 
ened by LIDAR survey. 

Our fieldwork led to results concerning the 
pre-Hispanic cultural sequence, habitat and 
diet, and the ancient volcanic activity and mor- 
phogenesis of the valley. Archaeological work 
focused on mounds, central plazas, and roads, 
as well as sites without built features (supple- 
mentary text S1, figs. S1 to S6, and tables S1 
and S2). Large-scale excavations in platforms and 
plazas at two major settlements (Sangay and 
Kilamope) revealed domestic floors, with post- 
holes, caches, pits, hearths, large jars, grinding 
stones, and burnt seeds. The construction 
methods consisted of cutting the natural slope 
to form a base on which the mound was built 
(27). Intentional artifact deposits suggest that 
the building process was accompanied by 
ritual activities. The newly established dating 
sequence indicates the succession of at least 
five cultural ensembles. The original building 
of earthen platforms and roads took place be- 
tween approximately 500 BCE and 300 to 
600 CE and was carried out by groups from 
the Kilamope and later Upano cultures. Some 
mounds were then reoccupied, after a hiatus, 
by groups of the Huapula culture between 800 
and 1200 CE (supplementary text S2 and fig. 
S7). All the evidence indicates a local cultural 
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Fig. 1. Map of archaeological Upano Valley. (Left) Map of the Middle Upano with five major settlements and 10 secondary sites. m a.s.l., meters above sea level. 


(Right) Map of pre-Hispanic dug roads. 


evolution process. There is no a priori reason 
to think that the pre-Hispanic inhabitants origi- 
nated from the Andes and not from the Amazon. 

The Kilamope and Upano people were sed- 
entary agrarian societies that densely occu- 
pied the valley, where even today, according to 
local farmers, fertile volcanic soils still allow 
up to three harvests per year. Analyses of starch 
grains from potteries revealed the consump- 
tion of maize (Zea mays), beans (Phaseolus sp.), 
manioc (Manihot esculenta), and sweet potato 
(Ipomoea batatas). The microtraces on a maize 
starch grain are identical to those left today by 
the manufacture of the traditional “chewed” 
chicha (sweet beer), suggesting that this bev- 
erage may have been served in the Upano 
vessel (28). Upano pottery is well made and 
comes in many decorated types, the most com- 
mon being the red-banded incised type with 
straight or curved painted and incised lines (29). 
Upano bowls and jars were exported up to the 
Andes, near the modern town of Cuenca (30). 

Sangay volcano’s intense activity had a def- 
inite impact on pre-Hispanic communities 
(31). Previous studies demonstrated contin- 
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uous cone growth and two major flank failures 
during the Pleistocene (32). The resulting de- 
bris avalanches (33) spread as far as 60 km from 
the volcano (34) and left thick hummocky de- 
posits, on which human settlements devel- 
oped in late Holocene times. Analyses also 
indicate that large explosive eruptions occurred 
in the nearer past (32). The hypothesis that the 
Upano culture came to an abrupt end after a 
massive eruption ~400 to 600 CE has been 
raised (18) but has been called into question by 
the disparity of radiocarbon dates obtained 
recently for these levels. 


LIDAR results 


In 2015, the Ecuadorian National Institute for 
Cultural Heritage commissioned the LIDAR 
survey of a 600-km” area stretching from the 
Upper Upano to the Pastaza River to highlight 
anthropogenic features hidden under the can- 
opy (35, 36) (Fig. 1). After a 1-m-resolution 
digital elevation model had been derived from 
the point cloud, the Upano project team studied 
the 300-km” area constituting the southern part 
of this landscape (supplementary text S3, figs. 


S8 to S11, and table S3). The number and size 
of anthropogenic features led us to target only 
specific scientific goals. Given that previous 
fieldwork had already provided information on 
the internal organization of residential sites 
(37), we focused on the “gaps” between settle- 
ments and the road network rather than on 
intrasite features. This objective was also mo- 
tivated by the identification in the field of 
various road starts (38). We set up a remote 
sensing methodology based on multiple LIDAR 
visualizations (39, 40) (Fig. 2). Pre-Hispanic 
features were distinguished from modern ele- 
ments according to their orientation and spa- 
tial coherence. 

The analysis revealed an elaborate anthro- 
pogenic landscape. Settlements with standard- 
ized archaeological features evidencing a shared 
cultural background are interconnected by short- 
distance (intrasite) and long-distance (intersite) 
roads, which strongly suggests contemporaneity. 


Platforms and plazas 


The most common features are earthen plat- 
forms. Going far beyond the field identification 
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Fig. 2. Kilamope site. Anthropogenic features in the center of the Kilamope site, including residential platforms, dug footpaths, and agricultural structures. The 
four images on the right side of the figure illustrate different LIDAR visualizations used to interpret the digital elevation model in the same area (dotted rectangle) in 
order to highlight the drained-fields pattern. From top to bottom: hillshade from multiple directions, simple local relief models with 10- and 50-pixel radii overlaid, 
slopes reclassified according to geomorphological models (40), and color classification of the elevation. 


of just some individual platforms, the LIDAR | and about 20 m by 10 m with a preserved ele- | around a plaza, often with a central platform. 
data enabled the detection of >6000 platforms | vation of 2 to 3 m (Fig. 3). The most common complexes measure 40 m 
within the 300-km° area. The standard shape Rarely isolated, the platforms typically occur | by 40 m (~1600 m°) and are interpreted as 
is rectangular (although a few were circular) | in groups—or complexes—of three to six units | lresidential (37). However, LIDAR imagery 
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Fig. 3. Earth platforms complex. Earth platforms complex of Nijiamanch on the right bank of the Middle 
Upano. Drained fields are visible around the artificial mounds on the LIDAR image (bottom). 


also highlighted monumental complexes prob- 
ably bearing a civic-ceremonial function, with 
much larger platforms, but of similar height to 
the smaller ones. The largest complex, at Kila- 
mope, covers 10 ha and includes a 140 m by 
40 m monumental platform (4.5 m high). 

This pattern is repeated almost evenly 
throughout the area. Average density is 
16.6 platforms/km”, but some agglomerated 
areas have densities of >100 features/km?. 
Because of their ubiquity and close relation- 
ship with the road network, we consider the 
complexes to be the elementary built features 
of the pre-Hispanic landscape. 


Settlements 


The distribution of elements in the study 
area reflects a settlement pattern in which 


186 12 JANUARY 2024 + VOL 383 ISSUE 6679 


the buffer zones between residential archi- 
tectures played an important role. Moreover, 
clustering trends occur. Clusters of complexes 
have been identified as settlements on the basis 
of three criteria: feature density, size of the civic- 
ceremonial platforms, and connections with 
other complexes. 

Fifteen settlements were classified into two 
categories: five major sites (large and/or dense 
centers) and 10 secondary sites (Fig. 1). Among 
the first group, Sangay stands out for its higher 
density (>125 platforms/km”) and its ostenta- 
tious core. Accessed by a 2.5-km-long straight 
road, it lies at the highest point of the cliff that 
borders the Upano’s northern bank, thus dom- 
inating the valley. Junguna and Kunguints 
seem to be chiefly residential sites with many 
small complexes adjoining intrasite circula- 


tion axes, whereas Kilamope and Copueno 
are characterized by large civic-ceremonial 
complexes. 

Despite the apparent architectural and spa- 
tial homogeneity among these sites, several 
elements suggest that the settlements were 
exposed to threats. These include peripheral 
ditches blocking access to some settlements 
(e.g., east of Sangay) and obstructed roads near 
some large complexes (e.g., Copueno). We in- 
terpreted these elements as the result of ten- 
sions between groups or reinforcement of the 
sites against external threats. 


Modified hills 


Numerous “truncated” hills—natural reliefs 
with flat summits—were detected. While their 
general morphology is probably of volcanic 
origin (hummocks), a plausible hypothesis, 
supported by the accesses built on their slopes, 
is that their flattening is artificial, so that they 
constitute an integral component of the pre- 
Hispanic landscape (41). 


Roads and pathways 


Perhaps the most notable elements of the 
landscape are the intrasite pathways and a 
regional-scale intersite road network (Fig. 4). 
Roads are considered as such because they 
systematically link complexes (thus distinguish- 
ing them from other features, such as canals, 
described below). Some of these complexes, 
unusually isolated in the landscape, adjoin 
major roads as if they were layover points 
along the way. 

Four types of roads or pathways have been 
identified. Although we cannot totally dis- 
count the possibility that a few paths could 
be the result of usage (sunken lanes) (42, 43), 
the morphology of the features detected (e.g., 
rectilinearity, depth, curbs) strongly suggests 
that these are excavated roads. Therefore, the 
generic term “dug roads” is used here. 

The most widespread are the straight-dug 
footpaths and roads (thus classified on the 
basis of their size and length) whose morphol- 
ogy is documented by fieldwork (27). Essen- 
tially straight and about 2 to 3 meters deep on 
average, they probably result from digging 
and accumulating earth on either side of the 
path, creating a U-shaped profile bordered 
by curbs. The width is 4 to 6 m for the smallest 
paths and up to >15 m for the largest ones, 
creating a walkable surface that is 2 to 5 m 
wide in the middle. Despite discontinuities in 
their layout owing to the heterogeneity of the 
LIDAR coverage, we can reasonably estimate 
that the longest roads—Uyunts-Jurumbuno and 
Kilamope-Kunguints—run for more than 14 and 
25 km, respectively. Both are likely to continue 
beyond the boundaries of the study area. We 
believe that dug roads were designed to be as 
straight as possible despite the natural irregu- 
larities of the terrain. 
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Fig. 4. Dug roads. Wide and deep dug roads connecting Upano monumental settlements. 


The second type includes roads running 
along the interfluve in hilly terrain. Occasion- 
ally also dug, they follow topographic relief 
and connect open spaces (e.g., plateaus, river- 
beds) through steep areas, such as the Andean 
footslopes or the valley cliffs. The third cate- 
gory includes possible elevated causeways with 
parallel ditches on either side of the road rem- 
iniscent of “causeways-canals” in the Llanos de 
Mojos of Bolivia (44). Finally, dug footpaths 
regularly end with a descent into one of the 
gullies (or quebradas) that spread on the Upano 
alluvial terrace and come out of the same gully 
afew hundred meters further on. This seems to 
constitute a fourth type of path, which takes ad- 
vantage of the natural layout of the quebradas. 
In line with this, we argue that, beyond con- 
necting spaces, most pathways were intimately 
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related to surface water management and agri- 
cultural practices. 


Drained fields and terraces 


The LIDAR survey highlighted numerous agrar- 
ian features of two main types: drained fields 
and terraces. Their strong spatial coherence 
with the rest of the detected remains and, con- 
versely, their location under forested areas 
support the inference that they were an in- 
tegral part of the pre-Hispanic anthropogenic 
landscape. 

Drained fields extend over hundreds of hect- 
ares into orthogonal and continuous plot 
systems (Fig. 2). The elementary unit is a rect- 
angular field 10 to 40 m wide and several 
dozens of meters long. The field limits are 
ditches of 4-m width and 40-cm depth on 


average. They are connected to drainage canals, 
slightly wider and deeper, and mitigate water- 
logging in this climate with daily rainfall. These 
canals then flow into the hydrographic network 
of the quebradas, whose course has sometimes 
been modified. 

Drained fields are linked to the network of 
dug footpaths often surrounding them, mak- 
ing it sometimes difficult to distinguish be- 
tween a road and a canal. In such cases, a clear 
connection to a complex was the discriminat- 
ing criterion. However, it is very likely that 
pathways had a dual function of circulation 
and water management. This agricultural tech- 
nique resembles those documented for the 
Llanos de Mojos in Bolivia and is still used 
today, for example, by the Karinya of the Orinoco 
llanos (45). Less widespread, terraces are 
found occasionally along the edges of quebra- 
das, along the alluvial terrace of the Upano, 
perpendicular to concave hillslopes or on the 
lower Andean slopes, where they are associ- 
ated with drains parallel to the slope. 

Agrarian features fill the “gaps” between com- 
plexes and settlements noted during the first 
reading of the LIDAR data. Their ubiquity, their 
close connection with residential and ceremo- 
nial areas, and the variety of geomorphological 
contexts exploited demonstrate the importance 
of agricultural activity in the settlement pattern. 


Discussion and conclusions 


The results of fieldwork and LIDAR analysis 
demonstrate that the Upano Valley was dense- 
ly populated around the beginning of the com- 
mon era. The intimate link between residential 
and agricultural areas brings to mind the “gar- 
den cities” and “green urbanism” described or 
theorized by other researchers (13, 46-52). Far 
from the utopia that these terms imply, how- 
ever, the garden urbanism of the Upano valley 
constitutes a concrete, dynamic, and probably 
contested landscape and provides further proof 
that Amazonia is not the pristine forest once 
depicted. 

The settlement pattern is composed of dense 
sites with standardized domestic groups of 
platforms around plazas and monumental civic 
architecture connected by streets. Establish- 
ments are linked to each other over great dis- 
tances by a vast network of roads intertwined 
with intensive agricultural layouts. The or- 
ganizational and architectural homogeneity, 
as well as the consistent interweaving of 
monumental-ceremonial features, domestic 
spaces, and economic areas, strongly suggests 
that the whole network was at least partly 
contemporary. 

Despite variations in the settlement density, 
it must be emphasized that few areas of the 
valley are devoid of remains. Apparent empty 
buffer zones between complexes of platforms 
were in fact dedicated to agriculture. Two main 
patterning strategies have been recognized 
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Fig. 5. Comparison of site sizes. Comparison at the same scale of the core areas of major sites of the Upano, ancient Egypt, and ancient Mesoamerica (for 
comparison with low-density urbanism sites in Amazonia, see supplementary text S4 and fig. S12). 


and were seemingly induced by the valley’s 
geomorphology. In the southern part of the 
study area, extensive parcels of drained fields 
are spread within a low-density distribution of 
complexes in the wetlands of the Upano al- 
luvial terraces. Meanwhile, the hilly terrain of 
the northern zone is more prone to the cluster- 
ing of complexes, with agricultural terraces 
intertwined with this denser grid in a more 
opportunistic manner. However, these two 
contrasting “environment-forced” sectors are 
all connected by the road network and its 
orthogonal layout, independent of all geo- 
morphic constraints and constituting per- 
haps the most distinctive characteristic of 
this built landscape. Straight roads cross at 
right or nearly right angles without deviating 
in front of hills or ravines. If these roads fa- 
cilitated exchanges, it is very likely that they 
also had a marked symbolic and powerful rit- 
ual function and participated in the construc- 
tion of a cultural landscape. The complexity 
and dynamic nature of the latter are further 
demonstrated by the presence of defensive 
features that raise the question of alliances 
and tensions or possibly even episodic wars. 

However, it would be imprudent to infer 
that these cities were organized around a cen- 
tralized authority capable of mobilizing labor 
in a more or less coercive manner. The inter- 
locking of groups of filiation and segmental 
solidarities, regularly reinforced by ceremo- 
nial exchanges, are sufficient to ensure the co- 
hesion and coordination necessary for the 
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organization of a highly structured settlement. 
Contemporary ethnology shows that exchanges 
are not so much based on economic logic as on 
the circulation of specialized production within 
ethnic confederations, each defining a local 
identity (53-55). Indeed, the overall organiza- 
tion and standardization of architectural fea- 
tures, the road patterns, or the defense systems, 
suggests, for instance, the existence of ad- 
vanced engineering (mature architectural 
tradition relying on sighting and surveying 
instruments and/or expertise). 

The Upano sites are quite different from 
other monumental sites of Amazonia, which 
are all more recent, considerably less dense in 
terms of features, and, until proven otherwise, 
not embedded in such a vast and dense com- 
munication network (fig. S12) (13, 14). This 
original 2000-year-old society of the Upano 
valley constitutes the earliest and largest low- 
density agrarian urbanism ever documented 
in the Amazon so far. At a supraregional level, 
beyond exchanges with the Cuenca area, the 
relations and potential bilateral influence 
with the contemporary Andean world, such 
as Chavín de Huantar’s sphere of influence 
(56, 57), remain difficult to grasp (58, 59). Yet, 
at present, there is no reason to believe that 
this is not an endogenous development. 

The Upano’s LIDAR coverage confirms the 
exceptional archaeological potential of Amazonia, 
recently recalled by extrapolative modeling in 
Brazil (60). However, whereas the latter article 
focuses on isolated earthworks (i.e., monumen- 


tal ditches), the Upano materialized another 
scale of landscape anthropization, where 
urbanism covers hundreds of square kilo- 
meters. It echoes more clearly the Upper 
Xingu, where road networks suggest a low- 
density pre-Hispanic urbanism (52). This sug- 
gests that, being denser and less accessible, 
northern Amazonia may have been under- 
estimated in terms of archaeological potential 
and promises numerous discoveries with fu- 
ture exploratory work and LIDAR coverage. 
Broadening perspectives, considering the region- 
scale density of features, the population den- 
sity they must have supported, or the highly 
anthropized landscape—and although the size 
of the valley does not rival that of the Yucatan 
biosphere reserves—the human investment in 
the Upano Valley is comparable to that of con- 
temporary Central Maya Lowlands (67-65). Going 
further, the major ceremonial cores, with mo- 
numental platforms, plazas, and causeways, are 
comparable in size to those of other great cul- 
tures of the past, such as Mexican Teotihuacan 
or the Egyptian Giza Plateau (Fig. 5). 

What is very noteworthy is that this example 
of garden urbanism appears to be associated 
with a mound-building tradition. One wonders 
whether such architecture might echo other 
regions of the Americas and a pre-Hispanic 
ideology wherein fertility, origin of humanity, 
and ancestors are key aspects. Although the 
design of roads and canals is not radial in the 
Upano Valley, the grid it establishes is rem- 
iniscent of the ceque system of Cuzco (66) 
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and its connections between kin-based and 
segmented territories, ritual places of worship, 
and human-built hydraulic features. Indeed, it 
is tempting to see the Upano valley’s geomet- 
rical layout, which cuts across the topography, 
as a cosmological design rather than a com- 
mon and practical system of communication. 
This strong emphasis on abstract lineal con- 
nections between sites is more reminiscent of 
the sacred topography of Andean polities as 
“analogist” systems than of contemporary 
“animist” cultures of the Upper Amazon [in 
the sense of Descola (67)]. For lack of ethno- 
graphic analogies in settlement patterns in the 
contemporary lowlands, one should probably 
look for current highlands autochthonous pol- 
ities whose sociocosmic structure is embed- 
ded in a topographical grid [for instance, the 
Chipaya of Bolivia (68)]. Such a discovery is 
another vivid example of the underestimation 
of Amazonia’s twofold heritage: environmental 
but also cultural, and therefore Indigenous. 
Like many others (69-71), we believe that it 
is crucial to thoroughly revise our preconcep- 
tions of the Amazonian world and, in doing so, 
to reinterpret contexts and concepts in the 
necessary light of an inclusive and participa- 
tory science. 
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